INTRODUCTION
As with all consumers, the food energy assimilated by fish must be divided among the conflicting demands of survival (e.g. maintenance, activity, foraging), growth, and reproduction, all of which are important components of individual fitness. Because energy stores are finite, supporting growth and reproduction while still ensuring survival requires energetic tradeoffs. Energy allocated to growth cannot be used for present reproduction, although current growth may enhance future reproduction through increased fecundity and egg/larval survival (Rijnsdorp 1994 , Lambert et al. 2003 . Energy allocated to reproduction may decrease survival, particularly if energy reserves are low (Lambert & Dutil 2000) and cannot be used for growth.
Decisions about how to allocate energy among these competing demands will to a large extent determine an individual's fitness.
The amount of surplus energy available to be allocated to growth and/or reproduction will be strongly influenced by the amount of food available for consumption. Greater food availability can lead to an increase in both growth and reproductive investment (Lambert & Dutil 2000 , Rindorf et al. 2008 . Temperature can also have a major impact and can interact with food availability. Metabolic processes are directly affected by temperature, and for each species there is an optimum temperature and food level that results in maximum growth. As food availability declines, the most efficient growth occurs at lower temperatures where requirements for maintenance are less because of a lower ABSTRACT: The effect of temperature on the allocation of energy to growth, condition and reproduction was examined in juvenile and adult Atlantic cod Gadus morhua inhabiting the southern Grand Bank off Newfoundland, Canada. The study period included both the warmest and coldest environmental conditions in the area over the past 60 yr. Temperature did not influence growth in length or weight, perhaps because growth at higher temperatures was limited by prey availability. Temperature significantly influenced both gutted body condition and liver condition (observed weight divided by predicted weight at length), but the effect was not consistent between the 2 measures of condition. Gutted body condition was highest at warm temperatures, whereas liver condition was highest at low temperatures. Measures of reproductive investment showed clear temperature effects. Fish matured earlier at both low and high temperatures than at intermediate temperatures. Fecundity of southern Grand Bank cod was highest at low temperatures, while the gonadosomatic index (GSI) was highest at warm temperatures. The lack of correlation with fecundity indicates that GSI may not be a good metric of reproductive investment but may be an indicator of how close fish are to spawning. The lower maturity and fecundity at intermediate temperatures could indicate a decrease in reproductive potential under these environmental conditions. Temperature throughout the entire year influenced fish condition, but only temperature during October to May affected reproductive investment. Most of the metrics were highly correlated between males and females, suggesting that both sexes make similar decisions about energy allocation over the observed temperature range.
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Resale or republication not permitted without written consent of the publisher metabolic rate (Brett 1979) . If temperature becomes too low, food consumption can decline, even as activity increases, with a resulting weight loss (Morgan 1992) . Given sufficient food, growth will generally increase with temperature up to the species-specific optimum temperature for growth, after which growth will decline (Bjornsson & Steinarsson 2002) . Temperature influences allocation to reproduction as well, with fish in warmer temperatures often maturing at a younger age and/or smaller size and producing more eggs compared to conspecifics in colder environments (Kjesbu et al. 1998 , Morgan & Colbourne 1999 , Yoneda &Wright 2005b . In addition, the type of food available can play a role in energy allocation (Rideout & Rose 2006) . The impact of a varying environment on energy allocation patterns may also differ between the sexes (Yoneda & Wright 2005a) , since males and females do not always have the same energy allocation strategies. In particular, males often invest less energy into gonads than do females (Rijnsdorp & Ibelings 1989 , Bromley et al. 2000 , although they may invest more into behaviors associated with reproduction and mate choice. The smaller reproductive investment may be because less energy is required to produce sperm than eggs (Wootton 1990 ). There may also be differences in energy intake and growth between sexes (Rijnsdorp & Ibelings 1989 , Swain & Morgan 2001 .
Decisions about energy allocation directly affect survival and fitness and therefore should be selected to be optimal in a particular environment. An individual's state (juvenile or adult) will affect the optimal allocation of energy, and in fact, these trade-offs with survival can determine the size and age at which maturation occurs (Roff 1983 ). Once they mature, individuals may gradually shift more energy to reproduction at the expense of growth (Jørgensen & Fiksen 2006) . Under adverse conditions, adult fish may greatly reduce energy allocation to reproduction, resulting in skipped spawning (Rideout et al. 2005) Here we explored the effect of varying temperature on energy allocation patterns for southern Grand Bank Atlantic cod Gadus morhua. This was once an important commercial stock that has become severely depleted due to over-exploitation (Morgan et al. 2007 ). Data span a 30 yr period that includes some of the coldest and warmest temperatures recorded in the area (Colbourne et al. 2005) . We examined the effect of temperature on energy allocation through changes in patterns of growth, condition, and reproduction in this coldwater marine teleost, and we compared the energy allocation decisions made by males and females. (except 1983 and 2006) . Surveys were conducted mainly in April and May using a stratified random survey design (Doubleday 1981) . Cod on the southern Grand Bank spawn in spring, with a peak of spawning generally about mid-May (Myers et al. 1993) , so that samples were taken from mainly juvenile and pre-spawning adult fish. All cod were measured for length and sex and were examined for maturity (Table 1) . Cod were assigned to various maturity stages based on macroscopic examination of their gonads using the maturity classification of Templeman et al. (1978) originally developed for haddock and since adapted for most groundfish species in the Newfoundland region. Otoliths were extracted from a length-stratified sample for aging. For most of the fish that were collected for aging, the body weight had been measured, and for a subsample of these, the organ weights had been measured. All factors examined at age (mean length, weight, proportion mature) were calculated so as to correct for the bias introduced by length-stratified sampling (Morgan & Hoenig 1997) .
MATERIALS AND METHODS

Data
In 1990 and 1993 to 2005, ovaries were collected for fecundity analyses. Only ovaries that were ripening (i.e. had opaque oocytes) but showed no signs of spawning (i.e. clear oocytes) were included. This helped to ensure that all fish used in the fecundity analyses were at a similar stage of maturation and prevented fish that had already commenced spawning from being included, which would have led to an underestimation of fecundity. Upon removal, ovaries were immediately cut open and placed in jars of Gilson's fluid for 3 to 4 mo to digest the connective tissues that held the oocytes in place. First generation oocytes (i.e. those that would have been spawned in the current year) were separated from second generation (i.e. immature) oocytes and leftover connective tissue by rinsing through a series of sieves. The cleaned oocytes were stored in ethanol until counted. Oocytes were fractionated to a countable number using a modified whirling vessel (Wiborg 1951) . Samples were counted manually under a stereomicroscope. Four subsamples were collected for counting from each pair of ovaries, but the last 2 subsamples were only counted if the difference between the first 2 counts was greater than 5%. The mean oocyte count was adjusted to the total based on the proportion of the whole sample that was counted, to obtain the overall fecundity estimate.
The influence of temperature on cod energy allocation was investigated as described below. Since spawning peaks in May, a temperature series representing the entire year from the end of spawning in 1 year to spawning in the next was developed. Biological sampling primarily occurred just prior to spawning. To determine whether temperatures during different parts of the year may affect allocation decisions differently the year was also broken into 2 periods corresponding to a period of energy accumulation and a period of reproductive development. Atlantic cod are capital breeders using stored energy to support egg production (Jørgensen & Fiksen 2006) . They accumulate this energy and complete most of their growth in a period of several months following spawning (Mello & Rose 2005) . Oocytes generally start to ripen around October to November (Rideout 1999 , Skjaeraasen et al. 2009 ) and continue to develop throughout the winter. The main energy accumulation period was therefore defined as June to September, and the period for which energy is being allocated to reproductive processes was considered to be October to May. Historical oceanographic data for the Grand Bank region are available from archives at the Integrated Science Data Management (formally MEDS) directorate in Ottawa, Ontario (Canada). This data set was complied from all sources; fisheries research and assessment surveys, oceanographic surveys, and opportunistic sampling. All available near-bottom temperature data from 1950 to 2008 were extracted from the database in the area on the top of the banks covering a depth range of 57 to 92 m and represents an area of 34 704 km 2 where historically a significant portion of the 3NO cod population was located. Temperature data collected throughout the 1950s used standard water sampling bottles fitted with reversing thermometers that measured temperature at selected depths including near-bottom. In the 1960s, bottle measurements were supplemented with mechanical bathythermograph (MBT) deployments, which provided a continuous depth-temperature profile to a water depth of 270 m. In the 1970s and early 1980s, temperature data were collected with expendable bathythermographs (XBTs), and in the late 1980s, these were replaced with conductivity-temperaturedepth (CTD) profilers deployed either vertically during oceanographic surveys or as a trawl-mounted system on fisheries assessment surveys. The amount of data available varied from year to year, and not all months had observations in all years. For the 1983 spawning year, no observations were made in the October to May period (October 1982 to May 1983 . To produce an index of the temperature conditions in an entire year, a simple average of the monthly averages was calculated from June of year y -1 to May of year y. An anomaly for each year was produced by subtracting the average over the 1971 to 2000 period from the mean value calculated for each spawning year and is referred to as the annual anomaly. Similar anomalies were constructed for the period from June to September in year y -1 and for the period from October in year y -1 to May in year y. Mean length at age was calculated by sex for each year. To control for the presence of varying age ranges in the data, only ages 3 to 10 were used. Length increments were calculated from mean length at Age a -1 in year y -1 to length at Age a in year y. To examine the effect of temperature on length increments they were first modeled as a function of age (1) where ΔL a,y is the length increment for a cohort at Age a in year y, τ is the intercept, β a is the age effect, and ε is the normally distributed error. For females, the residuals from this fitted model were then tested for a significant effect of temperature using a generalized linear model (GLM). For males, there was no significant effect of age on length increment, so analyses were conducted on the log of the length increments directly using the same GLM with the same temperature bins. Preliminary analyses indicated that the effect of temperature on most of the biological variables was nonlinear. Therefore, temperature was binned into 'low,' 'intermediate,' and 'high' by dividing the temperature anomalies so that one-third of the data fell into each bin. Other aggregations of the data were also examined, but the results were not affected. Mean gutted weight at age was also calculated by sex for each year, using Ages 3 to 10. Weight increments were calculated as described for length above. To examine the effect of temperature on weight increments, they were first modeled as a function of age: (2) where ΔW a,y is the weight increment for a cohort at Age a in year y, τ is the intercept, β a is the age effect, and ε is the normally distributed error. For both sexes, there was a significant effect of age on weight increment. The residuals from this fitted model were then tested for a significant effect of temperature using a GLM with temperature as a class variable and temperature binned into low, intermediate, and high as described above.
Relative condition indices were used to explore changes in condition over time. For gutted condition, only fish > 20 cm fork length were used because of low reliability in the weight measurements below this size as a result of the precision of the balances. Relative K for gutted condition (Kr) was calculated as: Kr = W/Ŵ , where Ŵ is the predicted body weight from a lengthweight relationship. The form of the length-weight relationship was log(W) = intercept + log(L). Separate regressions were carried out for each sex. Data for all years combined were used in the regressions. To calculate Kr for an individual fish, its gutted body weight was divided by the gutted body weight predicted by the length-weight regression for a cod of that length and sex. For liver weight, only fish ≥ 30 cm in fork length were used because the balances lacked the precision to weigh small organs. There was a pattern in the residuals of the linear regression of log (liver weight) against log (length). A model of the form log(
2 was fit to the data, where LW is liver weight. This model resulted in a significant fit for both males and females and minimized patterns in the residuals. The results of these models were used to produce an index of liver condition, LKr = LW/LŴ , where LŴ is the predicted liver weight from the length-liver weight relationship. The effect of temperature on these condition indices was modeled using GLMs with gamma error and an identity link function. Again temperature was binned into low, intermediate, and high.
Proportion mature at age was modeled by sex and cohort using GLMs with a binomial error and a logit link function. For these analyses, data from surveys from 1972 to 2008 were used. The effect of temperature was analyzed by examining the effect on the estimated proportion mature at Age 5. The estimated proportion mature at this age for both males and females was > 0 but <1 for the entire time series. For each cohort, the average annual temperature anomaly up to the age of 5 was calculated by averaging the temperature occupied in each year from 0 to 5. The average temperature anomaly up to Age 5 was binned into high, intermediate, and low as above, and its effect on proportion mature at Age 5 was tested with a GLM with an identity link and gamma error.
The gonadosomatic index (GSI) was calculated for each individual as the weight of the gonad divided by the gutted weight of the fish. Only fish that were maturing to spawn in the present year but that had not yet started spawning were included. The effect of temperature on GSI was modeled using GLMs with gamma error and an identity link function with temperature binned into low, medium, and high.
Relative fecundity was calculated as the number of eggs g -1 of gutted weight. The effect of temperature on relative fecundity was modeled using a GLM with gamma error and an identity link function. Again temperature was binned into low, medium, and high. Measures of growth and reproductive investment were compared between males and females using correlation analyses. The model fits for the various growth and reproductive factors examined were compared for the 3 temperature series (annual anomaly, June to September period, and October to May period) using Akaike information criteria (AIC) for models where there was a significant temperature affect.
RESULTS
The average annual bottom temperature calculated over a reproductive year in the Divisions 3NO area ranged from 0 to 3°C over the 1950 to 2008 period. Over the period for which we have biological data (1978 to 2008) , the average ranged from 0 to 2.8°C, and the annual anomaly ranged from 1°C below to 1.7°C above the long-term average (Fig. 2) . The average temperature over the June to September period from 1978 to 2008 ranged from 0.2 to 3.0°C, with an anomaly that ranged from 1°C below to 1.8°C above the long-term average. For the October to May period, the average ranged from -0.2 to 2.9°C, with an anomaly ranging from 1°C below average to 2.1°C above average.
There was substantial interannual variability in measures of growth, condition, and reproduction for both males and females (Figs. 3 & 4) . However, some temporal patterns are evident. Growth in length showed some decline from the early 1980s to the early 1990s and subsequently increased during the late 1990s. Growth in weight also declined until the mid-1990s, after which there was little trend. Body and liver condition generally increased from 1978 to 1982. This was followed by a period of decline, especially in body condition, which lasted until the mid-1990s. Condition has increased since then. Both males and females showed a trend to maturation at a younger age with estimated proportion mature at Age 5 increasing from less than 0.2 to 0.7 for females and 0.9 for males. GSI was more variable but was generally low for both sexes from the mid-1980s to the mid-1990s and increased thereafter, with a peak for both sexes in 1999. For females, relative fecundity was low from 1996 to 2004, a period when GSI reached its peak. Growth, condition, and reproductive factors were highly positively correlated between males and females, with correlation coefficients ranging from 0.5 to 0.9. The only exceptions were the residuals from the weight increment model, which were not significantly correlated between the sexes.
Temperature had little effect on growth in length or weight in either males or females (Fig. 5 ). For males, there was no significant effect of temperature on the log length increment (F 2,152 = 1.85). There was a significant effect of temperature on the residuals from the model of weight increment (F 2,166 = 4.3, p < 0.02), but temperature accounted for very little of the variation, with r 2 = 0.05. For females, there was no significant effect of temperature on the residuals from the model of length increment (F 2,142 = 1.05) or on the residuals from the model of weight increment (F 2,154 = 2.10). Dividing the temperature series into June to September and October to May led to similar results, with no significant effect of temperature in either period on growth in length for males (June-September F 2,152 = 0.1; October-May F 2,152 = 1.6) or females (June-September F 2,142 = 0.4; October-May F 2,142 = 0.9) . Growth in weight was significantly affected by temperature from October to May for males (F 2,161 = 4.7, p < 0.05) and from June to September for females (F 2,149 = 4.9, p < 0.01) but in both cases very little of the variation was accounted for, with r 2 = 0.06. There was a significant effect of annual temperature on body condition (Fig. 5 ) for both males (χ 2 = 14.9, df = 2, p < 0.001) and females (χ 2 = 36.6, df = 2, p < 0.0.0001). Temperatures from June to September (males χ 2 = 37.91, df = 2, p < 0.0001; females χ 2 = 38.8, df = 2, p < 0.0001) and October to May (males χ 2 = 10.5, df = 2, p < 0.01; females χ 2 = 35.6, df = 2, p < 0.0001) also had a significant effect on body condition for both males and females. AIC showed very little difference in model fit for the 3 temperature series for either sex, with the maximum difference in AIC being <1%, even though the χ 2 for the June to September period for males was much greater than for the other 2 time periods. For both sexes, body condition was greater at higher and intermediate than at low temperatures for all 3 temperature series. There was no significant effect of temperature on liver condition (Fig. 5) for males (annual χ 2 = 1.7; June-September χ 2 = 2.2; October-May χ 2 = 2.3). For females, however, liver con- Proportion mature at Age 5 was not affected by temperature in males (annual χ 2 = 2.0; June-September χ 2 = 0.6; October-May χ 2 = 2.0). For females, there was a significant effect of temperature over the whole year (χ 2 = 6.9, df = 2, p < 0.0.05, Fig. 6 ) and over the October to May period (χ 2 = 6.9, df = 2, p < 0.0.05) but not over the June to September period (χ 2 = 3.2) Proportion of females mature at Age 5 was significantly greater at high than at intermediate temperatures, and the difference between low and intermediate temperatures approached significance. AIC indicated no difference in model fit between the 2 temperature series that produced a significant effect on proportion mature at Age 5 in females.
There was a significant effect of annual temperature on GSI for males (χ 2 = 22.5, df = 2, p < 0.0001) and for temperature over the October to May period (χ 2 = 18.3, df = 2, p < 0.0001) but not for temperatures over the June to September period (χ 2 = 4.6). The same result was found for females, with a significant effect of annual temperature (χ 2 = 20.2, df = 2, p < 0.0001, Fig. 6 ) and temperature over the October to May period (χ 2 = 20.3, df = 2, p < 0.0001) but not for June to September temperatures (χ 2 = 3.1). GSI at high temperature was significantly greater than at intermediate or low temperature. AIC indicated little difference between model fits for either males or females.
Relative fecundity was significantly affected by annual temperature (χ 2 = 7.6, df = 2, p < 0.03) as well as by temperature over the October to May period (χ 2 = 6.2, df = 2, p < 0.05) but not by temperatures from June to September (χ 2 = 3.7). Fecundity was significantly greater at low temperatures than at intermediate temperatures. Relative fecundity did not differ significantly between high and intermediate temperatures (Fig. 6) . AIC indicated little difference in model fit between the annual and October to May temperature series. 94 1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 
DISCUSSION
The impact of temperature on metabolic processes (Brett 1979 , Claireaux et al. 1995 means it can potentially affect decisions about the allocation of energy between growth, reproduction, and reserves or condition. In this study, interannual variation in growth in terms of length and weight was observed but could not be explained by temperature. Instead, temperature appeared to influence fish condition and reproductive investment. This indicates that for cod on the southern Grand Bank, temperature affects decisions about allocation of energy to reserves and reproduction but that temperature is not an important factor driving variation in growth, at least within the range of temperatures observed during the 30 yr period covered by this study.
The average temperatures for a reproductive year on the southern Grand Bank ranged from 0 to 2.8°C. This range of temperatures may be low compared to some other populations of cod (Neat & Righton 2007) and might help explain the lack of response in growth. However, even small changes in temperature can be important to fish since they are capable of detecting and reacting to temperature differences as small as 0.1°C (Steffel et al. 1976) . Cod have been shown to differentiate between and avoid temperatures varying by < 0.5°C (Claireaux et al. 1995 , Goddard et al. 1997 . A change in temperature from 2 to 3°C can produce a 25% change in growth in cod (Bjornsson & Steinarsson 2002) .
The lack of a temperature effect on growth may be surprising given that many studies have found such an effect for cod, with increased temperature leading to increased growth (Jørgensen 1992 , Shelton et al. 1999 , Dutil & Brander 2003 , Peck et al. 2003 , Swain et al. 2003 . However, other studies have found that the impact of temperature may not be so straightforward and can differ depending on the thermal history experienced by the fish (Dutil et al. 1999 , Rindorf et al. 2008 . Fish can also vary in their growth response to temperature depending on size and life stage (Bjornsson et al. 2001 , Yoneda & Wright 2005b and population (Dutil et al. 2008) . One important aspect that is not covered in our study is food availability. The optimum temperature for growth will depend on the amount of food available. As food availability declines, the most efficient growth occurs at lower temperatures where requirements for 1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010 maintenance are less because of lower metabolic rate (Brett 1979) . However, as temperature declines further, fish can actually lose weight as feeding ceases and activity increases in an attempt to avoid cold water (Morgan 1992) . A lack of increased growth at higher temperatures may indicate that prey availability was insufficient to allow for greater growth. Condition of fish can also be influenced by temperature through its effects on metabolic rates and scope for growth. Dutil et al. (1999) found that populations living in warmer waters had higher whole body condition. Appetite may actually be suppressed at low temperature, leading to a decrease in condition (Jobling 1988 , Morgan 1992 . However, other studies have found little or no effect of temperature on condition (Yaragina & Marshall 2000 , Yoneda & Wright 2005a , Pardoe et al. 2008 . Changes in the abundance and type of prey available with varying temperature can also influence condition. For southern Grand Bank cod, we found that temperature significantly influenced both gutted body condition and liver condition. However, gutted body condition was highest at high temperatures, while liver condition was highest at low temperatures. This is similar to the findings of Pardoe & Marteinsdóttir (2009) , who found that cod in colder waters in Iceland had a lower body condition and higher liver condition than those in warmer waters. Liver and body condition respond at different rates to environmental conditions, and differences between the 2 indices could reflect differences in feeding intensity and or prey types that are available (Lambert & Dutil 1997 ). In the case of Icelandic cod, the fish living in colder conditions also had more prey available (Pardoe & Marteinsdóttir 2009). It is not known if there is a difference in the abundance or type of prey available in colder years in Divisions 3NO or at least in the areas inhabited by cod during colder years.
Measures of reproductive investment showed clear temperature effects. Many studies have shown that fish in warmer waters mature at a younger age (Sandstrom et al. 1995 , Morgan & Colbourne 1999 , Grift et al. 2003 . However, for southern Grand Bank cod, both low and high temperatures resulted in earlier maturation. For this population it has also been shown that the probabilistic reaction norm for maturation has shifted to maturation at a younger age (Olsen et al. 2005) , with the conclusion that this was the result of fisheriesinduced evolution. Fishing mortality has resulted in a large decline in this population (Morgan et al. 2007) , and the selective effects of fishing have likely played a role. However, the results of this study indicate that the phenotypic effects of temperature have also played a role in the observed changes in maturation. An interaction between the 2 processes may have some influence on the shape of the temperature response seen here.
Fecundity of southern Grand Bank cod varied significantly with temperature, a finding that has been reported for other cod populations (Kjesbu et al. 1998 , Kraus et al. 2000 , Pörtner et al. 2001 , as well as other Grand Bank groundfish species (Hodder 1965) . There are several mechanisms through which temperature can influence fecundity, including through effects on metabolic rates, atresia, and gametogenesis (Fedorov 1971 , Van Der Kraak & Pankhurst 1997 , Pawson et al. 2000 . Similar to liver condition, relative fecundity was highest at low temperatures, and this may be related to the greater stores of lipids at these temperatures.
GSI increased with increasing temperature. However, GSI was not correlated with relative fecundity. In fact, relative fecundity was low from 1996 to 2004, a period when GSI reached its peak. The lack of correlation with fecundity indicates that GSI may not be a good metric of reproductive investment, at least for females, a conclusion also drawn for northeast Arctic cod (Kjesbu et al. 1998) . GSI may be better as an indicator of how close fish are to spawning. Potential fecundity can be set months before spawning, with the increase in GSI attributable to the development of oocytes rather than to an increase in their number (Zamarro 1992) . The higher GSI of fish from warm years would thus suggest that fish are at a later stage of oocyte development (i.e. closer to spawning).
Males are thought to invest less energy into reproduction than females, at least in terms of energy allocated to the gonads (Rijnsdorp & Ibelings 1989 , Bromley et al. 2000 . As a result of this the effect of temperature on energy allocation, decisions may differ between the sexes. Yoneda & Wright (2005a,b) found that low temperatures had more of an effect on reproduction of first-time spawning females than males. In our study, all of the metrics, except the measure of growth in weight, were highly correlated between males and females. In this population, the sexes seem to make the same types of decisions about energy allocation over a range of temperatures. It would be interesting to be able to evaluate these decisions on a finer scale to determine if the magnitude as well as the direction of the decisions about energy allocation is the same for the sexes. For southern Grand Bank cod, varying temperature resulted in differences in energy allocation. Although there was no effect of temperature on growth, there were significant temperature effects on energy storage and on reproductive investment. It would appear that decisions about energy allocation to growth were independent of temperature and that variation in growth was more related to some other factor, perhaps prey availability. Reproductive investment seemed to be higher at both lower and higher temperatures, with both sexes maturing younger at these temperatures and females investing less into egg production at intermediate temperatures. The quality and quantity of prey can play a role in the amount of energy invested in reproduction (Rideout & Rose 2006) , and temperature may impact prey available to cod.
The effects of temperature on condition and reproduction occur at different times of the year. Temperature affects body and liver condition (in females) in a similar way throughout the year, with lower temperatures resulting in more storage in the liver and higher temperature leading to higher body condition. On the other hand, the effects of temperature on reproductive investment occur during the October to May period, which is the time when cod are developing their gonads. Temperature impacts may not be equal throughout this period. Skjaeraasen et al. (2006 Skjaeraasen et al. ( , 2009 found that decisions about fecundity and skip-spawning are made early in the oocyte ripening period.
The effects of temperature on allocation of energy observed here mean that temperature variation will affect the productivity of the population through effects on reproductive potential. Lower reproductive potential at intermediate temperatures could lead to lower recruitment. If such conditions persisted, weaker year classes would lead to a lower level of sustainable harvest. Incorporating these changes into our understanding of sustainable fishing rates should improve our ability to successfully manage this population. 
